Abstract. Biological invasions are a major threat to biodiversity and as such understanding their impacts is a research priority. Ecological networks provide a valuable tool to explore such impacts at the community level, and can be particularly insightful for planning and monitoring biocontrol programmes, including the potential for their seldom evaluated indirect non-target effects. Acacia longifolia is among the worst invasive species in Portugal, and has been recently targeted for biocontrol by a highly specific gall-wasp. Here we use an ambitious replicated network approach to: (1) identify the mechanisms by which direct and indirect impacts of A. longifolia can cascade from plants to higher trophic levels, including gallers, their parasitoids and inquilines; (2) reveal the structure of the interaction networks between plants, gallers, parasitoids and inquilines before the biocontrol; and (3) explore the potential for indirect interactions among gallers, including those established with the biocontrol agent, via apparent competition. Over a 15-month period, we collected 31,737 galls from native plants and identified all emerging insects, quantifying the interactions between 219 plant-, 49 galler-, 65 parasitoid-and 87 inquiline-species-one of the largest ecological networks to date. No galls were found on any of the 16 alien plant species. Invasion by A. longifolia caused an alarming simplification of plant communities, with cascading effects to higher trophic levels, namely: a decline of overall gall biomass, and on the richness, abundance and biomass of galler insects, their parasitoids, and inquilines. Correspondingly, we detected a significant decline in the richness of interactions between plants and galls. The invasion tended to increase overall interaction evenness by promoting the local extinction of the native plants that sustained more gall species. However, highly idiosyncratic responses hindered the detection of further consistent changes in network topology. Predictions of indirect effects of the biocontrol on native gallers via apparent competition ranged from negligible to highly significant. Such scenarios are incredibly hard to predict, but even if there are risks of indirect effects it is critical to weigh them carefully against the consequences of inaction and invasive species spread.
Four-trophic level food webs reveal the cascading impacts of an invasive plant targeted for biocontrol introduction Biological invasions are a characteristic of the Anthropocene and one of the main causes of the global biodiversity crisis (Chornesky and Randall 2003 , Binimelis et al. 2007 , Dirzo et al. 2014 . By integrating into recipient communities, alien species often promote changes to the composition and interactions between resident species with changes varying greatly in their direction and magnitude (Pyšek et al. 2012) . For example, invasive alien plants, i.e., those that spread rapidly in their new environment, can replace native vegetation, thereby changing the habitat structure, and disrupting pollination and seed dispersal systems by competing with native plants for mutualists (Montero-Castaño and Vilà 2012 , Heleno et al. 2013 , Marchante et al. 2015 . It has been shown that some of these impacts can cascade through food webs, negatively affecting higher trophic levels (Heleno et al. 2009 ). However, such indirect impacts are seldom evaluated as they often require the implementation of demanding community-level monitoring protocols , McCary et al. 2016 . One under-looked mechanism that might promote such indirect effects is apparent competition, i.e., when a species negatively affects other species of the same trophic level by increasing the abundance of their shared natural enemies (Morris et al. 2005 , van Veen et al. 2006 , Carvalheiro et al. 2008 .
In recent decades, interaction networks have been increasingly used in ecology as a valuable tool to explore community level processes by allowing a holistic perspective from where species and the interactions that maintain functional communities can be simultaneously evaluated (Memmott 2009 , Heleno et al. 2014 . Ecological networks are thus a tool that allow us to disentangle the complexity of biological communities (Bascompte 2009 ). Paradoxically, most networks built to date are oversimplistic as they tend to focus only on two sets of interacting species (i.e., bipartite networks), most frequently plants and their insect pollinators, or plants and their vertebrate dispersers (Olesen et al. 2010 , Fontaine et al. 2011 . If ecological networks are to reach their full potential to inform ecologists and conservation managers, they need to incorporate indirect interactions across multiple trophic levels (Henneman and Memmott 2001, Carvalheiro et al. 2008) .
One specific area where a network approach can be most useful is in planning and evaluating biocontrol programmes by allowing quantification of direct and indirect interactions during the planning, implementation and monitoring phases (Willis and Memmott 2005, Carvalheiro et al. 2008) . By providing us with successive snapshots of community structure, networks can be particularly useful to contrast the post-release community structure with a pre-release reference structure of that same community. Such a holistic approach is vital to detect unforeseen changes in the presence, abundance, and interaction patterns across all species in the community and not only on a small group of target species where effects are expected. However, we are not aware of any study where information on the community structure has been gathered prior to the release of a biocontrol agent, hindering the prospects of a detailed evaluation of biocontrol success and of potential non-target effects (Simberloff and Von Holle 1999, White et al. 2006) . Moreover, while most biocontrol programs assess non-target effects via direct interactions, they still largely ignore non-target effects mediated by indirect interactions.
Acacia longifolia (Andrews) Willd. was introduced in Portugal in the early 20th century to curb sand erosion (Neto 1993) , and rapidly became one of the most widespread invasive plants in the country. Throughout the coast, A. longifolia severely changed natural dune systems by altering plant communities (Marchante et al. 2003 (Marchante et al. , 2015 , soil biological processes (Marchante et al. 2008a, b) , nutrient and water cycling (Werner et al. 2010 ) and fire regimes (Marchante et al. 2003) . Nevertheless, the impact of A. longifolia invasion on insect communities and the potential for these impacts to cascade through the food webs to higher trophic levels remains unexplored. In particular, it is important to understand if the impacts of this aggressive invader are restricted to the native vegetation or if they also affect the diversity, abundance and biomass of phytophagous insects and their predators (Pfisterer et al. 2002 , Heleno et al. 2009 , Redfern 2011 .
A biological control programme for A. longifolia using the highly specific gall-wasp Trichilogaster acaciaelongifoliae (Froggatt, 1892) (Hymenoptera: Pteromalidae) has been planned since 2003 and was first implemented in November 2015 in Portugal (Marchante et al. 2011a , Shaw et al. 2016 . This biocontrol agent is successfully used to control A. longifolia in South Africa (Dennill 1987) , where it reduces seed production and vegetative fitness by inducing the formation of a gall tissue in floral and vegetative buds (Dennill 1985) . However, plant galls frequently support complex and species-rich communities including the gall-forming insects (hereafter gallers), their parasitoids and a complex array of gall-inquilines (hereafter inquilines), i.e., arthropods that use these structures for feeding and protection (Shorthouse et al. 2005 , Redfern 2011 ). The successful establishment of the biocontrol agent is expected to largely increase the availability of its galls in the environment, which may indirectly affect the native gall communities. In Australia T. acaciaelongifoliae galls have parasitoids (Neser 1984) and after the biocontrol's introduction in South Africa several native parasitoids affected it (Hill and Hulley 1995 , Manongi and Hoffmann 1995 , Veldtman et al. 2011 . Despite the high specificity and efficacy of T. acaciaelongifoliae as a biocontrol agent of A. longifolia (Hoffmann et al. 2002) , these new interactions could lead to potential indirect effects, such as apparent competition between native gallers and the biocontrol agent via shared parasitoids, which in the extreme could lead to local extinction of native galler species (Carvalheiro et al. 2008) . In this context, it is vital to implement a detailed monitoring program which allows the evaluation of direct and indirect effects of this biocontrol agent, and ecological networks represent the most informative approach to attain this goal (Thomas et al. 2004 , Carvalheiro et al. 2008 , Barratt et al. 2010 .
Using a comprehensive data set including four trophic levels and replicated interaction networks, the objectives of this study are threefold: (1) identify the mechanisms by which the direct and indirect impacts of A. longifolia invasion cascade from plants to higher trophic levels, including gallers, their parasitoids and inquilines; (2) reveal the structure of the interaction networks between plants, gallers, parasitoids and inquilines, prior to the release of the biocontrol agent, so that its success can be measured in the future; and (3) explore the potential for indirect interactions among galler species, including those established with the biocontrol agent, via apparent competition.
Since most species of gallers are confined to one specific host plant (Shorthouse et al. 2005) , we predict that the replacement of diverse native plant communities by A. longifolia monospecific stands will decrease the diversity of host plants available to gallers, thus reducing their abundance, diversity and biomass. These changes will then cascade to higher trophic levels, equally reducing the abundance, diversity and biomass of parasitoids and inquilines. Furthermore, we expect that some native parasitoids, particularly the most generalists, might be able to exploit the galls formed by the biocontrol agent, potentially increasing in abundance and in turn affecting native galls.
MateriaLs and MetHods
We applied a space-for-time substitution approach (Pickett 1989 , Osenberg et al. 2006 to evaluate the effects of Acacia longifolia invasion on the community of plants, gallers, their parasitoids and inquilines, prerelease of the biocontrol agent. Impacts were measured on classical measures of diversity (species richness, abundance and biomass) and on the structure of the whole community by implementing an ambitious, replicated, ecological network approach.
Experimental design and sampling
Ten sampling sites were selected along the distribution range of A. longifolia in Portugal (Appendix S1: Fig. S1 ). Four of these sites were visited monthly between August 2013 and October 2014 (i.e., prior to the release of the biocontrol agent), using a balanced design. On each visit, three random linear transects of 20 × 2 m were selected on each site, totalizing 12 transects per month. Percentage cover of A. longifolia was estimated using a quadrat-grid system and level of invasion of each transect classified accordingly: Low invasion 0-29% cover; Intermediate invasion 30-69% cover; and High invasion 70-100% cover. Transects were carefully inspected for galls. All plants were identified, and galls were characterized, counted and collected to rear any developing insect under laboratory conditions. Only when the quantity of morphologically similar galls on the same host plant made collection impossible, these were counted and subsampled. All transects were marked with a GPS and were at least 50 m apart from any other transect. Data originated from these regular-sampling sites were complemented by seasonal visits to six extra sites near the limits of the A. longifolia distribution area (Appendix S1: Fig.  S1 and Table S1 ). The extra-sampling sites were sampled in the same way and allowed us to build a more complete network, increasing the likelihood of sampling potentially rare interactions, which may be important both for conservation purposes and to explore potential interactions with the biocontrol agent.
All galls collected were individually stored and maintained in the lab for at least 1 yr. During this period, all galls were inspected weekly and any emerging insects were collected and identified to the lowest taxonomical level possible, usually species, by professional taxonomists. Based on specialized literature (see Appendix S2), all insects emerging from the galls were assigned to one of the following guilds: galler, parasitoid or inquiline.
Different gallers induce the formation of highly characteristic galls and therefore there is a very high correspondence between gall type and galler species (Russo 2006 , Redfern 2011 , Redfern and Shirley 2011 . Since the formation of galls in plant organs is indicative of the contact with a gall-forming insect, we used the frequency of gall types as a proxy of galler abundance and diversity. This is a fair assumption given that all galls require the contact with a galler insect, which might not emerge in the lab either because it has emerged in the field previously to the collection of the gall or due to sub-optimal rearing conditions in the lab (Redfern 2011) . The overall biomass of gall tissue (as the plant biomass allocated to the production of gall tissue) was estimated by weighing 10 galls of each species and extrapolating for the total weight of galls found per transect. Arthropod biomass was estimated by extrapolating arthropod individual weights obtained with the length-biomass conversion formulas proposed by Gruner (2003) .
In addition to the impacts on common biodiversity descriptors of plants, gallers, parasitoids and inquilines, we also evaluated the impacts on the diversity of the interactions established between these four trophic levels, namely the interactions between plants and gallers, gallers and parasitoids, and galls and inquilines.
Community structure
In order to detect impacts of A. longifolia invasion on the overall community structure, we implemented a quantitative network approach, using the four regularlysampled sites. This approach can identify consistent changes to key descriptors of network topology, namely: connectance, nestedness, interaction evenness, and network specialization (Bascompte 2010 , Heleno et al. 2014 . Network connectance reflects the realized proportion of all possible links (Warren 1994 , Heleno et al. 2012a Finally, interactions from all sites were assembled into a single tripartite ecological network quantifying the interactions between plants, gallers, parasitoids and inquilines that characterize the Portuguese gall communities prior to the release of the biocontrol agent.
Potential for apparent competition among galler species
The magnitude of the indirect effect of galler species on other gallers, i.e., apparent competition, is proportional to the fraction of shared natural enemies (i.e., parasitoids) between each species pair (Tack et al. 2011) . We projected bipartite galler-parasitoid interactions into a unipartite galler-galler interaction network where galler species were considered to interact whenever they shared at least one parasitoid species. The potential for apparent competition (PAC) between all gallers from the overall network (all sites) was then calculated with function PAC in package bipartite (Dormann et al. 2008) , which estimates the proportion of shared parasitoids between galler species (ranging between zero, when no parasitoids are shared, and one, when all parasitoids are shared).
In order to further explore the potential of the biocontrol agent to affect the galler community, we visualized the current PAC network and highlighted the galler species that are likely to indirectly interact with the biocontrol agent under two disparate scenarios: (1) a conservative scenario where the biocontrol is predicted to interact only with currently known parasitoids from Australia and South Africa; and (2) a liberal scenario where the biocontrol agent is predicted to interact with all species from all the families for which at least one parasitoid of Trichilogaster acaciaelongifoliae is currently known.
Statistical analysis
The effect of A. longifolia invasion on the richness and abundance of plants, gallers, parasitoids, and inquilines and on the biomass of galls, parasitoids, and inquilines was evaluated with generalized linear mixed models, including the percentage of A. longifolia invasion as a continuous fixed factor and the four regularly-sampled sites as a random factor. For each variable, the most appropriate error distribution was selected, namely: Poisson distribution for plant and gall richness, zeroinflated Poisson for inquiline richness, zero-inflated negative binomial for parasitoid richness and Gaussian distribution for the remaining variables. The same analysis was performed to evaluate the effect of invasion on the number of unique interactions (i.e., interaction richness) per transect, assuming Poisson distributed errors. Models were implemented with packages lme4 (Bates et al. 2015) and glmmADMB (Fournier et al. 2012) in R v3.2.2 (R Core Team 2015).
The effect of A. longifolia invasion on network structure descriptors was evaluated including invasion level (low, intermediate and high) and network size (considered as number of species of lower level × number of species of higher level) as fixed factors and site as random factor on a general linear mixed model.
resuLts
Overall, 219 plant species were identified along all transects, of which 93% were native and only 16 species were introduced, including Acacia longifolia (Fig. 1) . On 33 of these plants, a total of 31,737 individual galls were formed due to the action of 49 galler species (Fig. 1) . The vast majority (74%) of the galls were formed on plant leaves, 10% on inflorescences, 8% on stems, 7% on buds, and 0.02% on fruits.
Most plants with galls were infected by only one or two galler species (level of specialization = 2.09 galler species/ Fig. 1 . Visualization of the overall interaction network (all field sites) quantifying the interactions between plants (bottom level), gallers (intermediate level), their parasitoids (top level: green) and inquilines (top level: yellow). Within each trophic level, the width of each species bar is proportional to its relative abundance. Although parasitoids interact with gallers and inquilines interact with the galls (which are formed by plant tissue), these two guilds were represented at the same trophic level because they both require the specific interaction with gallers. Native plant species are represented in black, alien plant species represented in yellow and the invasive Acacia longifolia is represented in red (bottom). Color of the boxes representing the gallers reflects the plant organ where the galls have been collected, namely: vegetative buds in light blue, flower buds in purple, leaves in green, and stems in dark blue. [Color figure can be viewed at wileyonlinelibrary.com] plant) and most gallers colonized only one plant species (level of specialization = 1.07 plant/galler species; Fig. 1 ). The exception to this high specialization were oak trees (Quercus spp.), which harboured on average 6.8 galler species (min = 4; max = 10). Quercus coccifera was by far the most important host plant for gallers, being infected by 10 species, including the most abundant galler Aceria quercina.
Arthropods emerged from 75% of all collected galls, of which 66% were gallers, 28% were parasitoids, and 6% were inquilines. All of the above allowed the quantification of 10,257 unique interactions, represented in Fig. 1 . Remarkably, despite the large sampling effort, no galls were ever found on A. longifolia or on any other alien plant species (Fig. 1) .
Impact of invasion on biodiversity
Despite considerable variability in the data, our results clearly show a significant trend for the reduction of biodiversity as a result of A. longifolia invasion (Fig. 2) . The increase in the proportion of A. longifolia cover was significantly associated with a simplification of the invaded communities by reducing the richness and abundance of plants (Fig. 2a, e) , the biomass of galls (Fig. 2i) , and the richness, abundance and biomass of gallers (Fig. 2b, f, j) , parasitoids (Fig. 2c, g, k) , and inquilines (Fig. 2h, l) . Moreover, we detected a significant decline in the richness of pairwise interactions established between species of the four trophic levels, i.e., a reduction in the number of unique interactions established between plants and gallers (Fig. 3a) , between gallers and their parasitoids (Fig. 3b) , and between galls and their inquilines (Fig. 3c) .
Impact of invasion on community structure
In all sites, a rich native plant community was replaced by much less diverse vegetation dominated by A. longifolia. Although the structure of the networks varied considerably within and across sites, we detected very few consistent changes in network structure descriptors as a result of A. longifolia invasion (Fig. 4) . Noticeably, interaction evenness showed a trend to increase at higher levels of invasion (Table 1) . No consistent variation was observed between any other topological descriptors of network structure: in Quiaios and in São Pedro de Moel invasion translated into a steady simplification of the whole network, while in Lagoa da Vela and Bandeira an increase in the number of interactions at intermediate levels of invasion was observed, followed by a network simplification on highly invaded sites (Fig. 4) .
Potential for apparent competition among galler species
On average, the potential for pairwise apparent competition among all galler species was extremely low (PAC = 0.016, SD = 0.078), however, there was a high Fig. 2 . Effect of Acacia longifolia invasion on richness and abundance of plants, gallers, parasitoids and inquilines, and biomass of galler insects and their associated insect communities detected along transects, in the four sites regularly-sampled. The biomass of plants refers exclusively to the biomass allocated to the production of gall tissues (an estimate of the resource available to inquilines), and not to the biomass of the whole plant. The significance of these relationships was estimated using generalized linear mixed models (see Materials and methods). The P-value, the z-value of each GLMM, and the slope of the regression model (β) is indicated. Fig. 3 . Effect of Acacia longifolia invasion on the richness of interactions detected between each trophic levels, in the four regularly sampled sites. The significance of these relationships was estimated using generalized linear mixed models (see Materials and methods). The P-value, the z-value of each GLMM, and the slope of the regression model (β) is shown. Table S1 ). The galler species with the highest potential to affect the remaining galler community was Watchtliella ericina (Cumulative PAC = 4.106; Table 2 , Fig. 5 ) followed by Plagiotrochus quercusilicis 1 (Cumulative PAC = 2.165).
Although there is very little information available, particularly in its native range, we found records for 26 parasitoids species (from four families) and two species of inquilines (one family) that interact with Trichilogaster acaciaelongifoliae in Australia and South Africa (Appendix S4: Table S1 ). Using this list, we predicted the PAC of the biocontrol agent to vary from zero, if it interacts only with its currently known parasitoid species (Fig. 5, left panel) , to pervasive, if the biocontrol agent interacts with all parasitoids from the families from which at least one parasitoid is known (Fig. 5, right  panel) .
discussion
We applied a large-scale, replicated, communitylevel approach to clarify the indirect impact of Acacia longifolia invasion on the communities of plants, gallers, their parasitoids and inquilines. The overall resulting network represents one of the largest terrestrial networks assembled to date with important implications for understanding the indirect impacts of an aggressive invasive plant and for planning and evaluating its biocontrol.
Although more than 30,000 galls were observed during this study, no galls were found on any alien plant, indicating that these alien species did not bring their native gall enemies when they were introduced, despite at least some of them being known to have galls in the native range (e.g., A. longifolia, Neser 1984 , or Robinia pseudoacacia, Molnar et al. 2009 ).
Impact of invasion on biodiversity
Our results confirm previous works (Marchante et al. 2015) showing that the invasion by A. longifolia in Portugal followed the general pattern of many plant invasions: a rich native plant community was simplified as it became gradually replaced by an impoverished vegetation dominated by one alien plant species. Yet, our results add key information at novel, unexplored levels: namely that this significant habitat simplification reduced the diversity of host plants available for gallers (Fig. 2a,  e) , which resulted in the reduction in the richness, abundance and biomass of gallers (Fig. 2b, f, j) , and consequently on overall gall biomass produced (Fig. 2i) . This effect cascaded further through the food web, reducing the richness, abundance and biomass of the parasitoids of the gallers (Fig. 2c, g, k) and of the arthropod inquilines living inside the galls (Fig. 2d, h, l) . Notes: Network structure descriptors where calculated independently for the bipartite interactions between each trophic levels. The test statistic presented refer to the significance of each variable tested with GLMs. Different letters between levels represent significant differences identified by the Tuckey post-hoc test.
† Test statistic with 2 degrees of freedom.
The impacts of invasive plants in ecological networks have been most frequently evaluated in pollination and seed dispersal networks , Heleno et al. 2012b , Albrecht et al. 2014 . However, an understanding of the impacts of biological invasions on the diversity of higher trophic-levels, such as of parasitoids and inqui lines, is much scarcer (Heleno et al. 2009, Tylianakis and Binzer 2014) . Our study makes a strong contribution to current knowledge of the impacts of invasive species on diversity of different trophic levels, namely on host-parasitoid networks, showing for the first time significant declines along four trophic levels as a result of a plant invasion.
The strength of the negative cascade of effects is probably particularly evident due to the high specificity of plant-gall and gall-parasitoid interactions (Shorthouse et al. 2005) . The effects of alien plant invasions on more generalist herbivores has not yet been tested. We hypothesise that such effects will not be so accentuated due to greater trophic plasticity; however, the poverty of plant communities on highly invaded patches is so low (Fig. 2 , Marchante et al. 2003 Marchante et al. , 2015 that even generalist herbivores are likely substantially affected by A. longifolia invasion.
Impact of invasion on community structure
Despite the well documented impacts of A. longifolia on soil composition and microbiology (Marchante et al. 2008a, b) , plant communities (Marchante et al. 2003 , Rascher et al. 2011a ), water cycling (Rascher et al. 2011b) , nutrient cycling (Rascher et al. 2012) , and plant regeneration dynamics (Marchante et al. 2011b , Rascher et al. 2011a , its impacts across multiple trophic-levels at the whole-community level has never been evaluated. Here we adopted an ambitious experimental approach to detect changes along 12 spatially replicated biological communities (i.e., 4 sites × 3 invasion levels), each of them comprising the interactions within four trophic levels (Fig. 4) . Although the need to improve the replication of community-level studies has been frequently highlighted (Lopezaraiza-Mikel et al. 2007 , Dupont et al. 2009 , Pocock et al. 2012 , Heleno et al. 2014 ), we are not aware of any other study undertaking such an ambitious experimental design. Our results show that the communities responded differently to the invasion of A. longifolia. On two sites there was a steady simplification of the networks during invasion, while on the other two sites we detected an initial increase in network size followed by a network simplification at higher levels of invasion (Fig. 4) . Given the high specialization of most plantgaller and some galler-parasitoid interactions, the composition of the plant communities (i.e., host availability) is particularly important in determining the diversity of higher trophic levels (Redfern 2011) . Therefore, the high heterogeneity of the vegetation among the four sites resulted in highly idiosyncratic responses across sites (Table 1) , thus hindering the detection of consistent patterns of A. longifolia invasion on network structure descriptors. The more consistent trend was an increase of interaction evenness with invasion level (Table 1) . This might seem counter-intuitive given that most invasions reduce plant evenness due to the dominance of a few species (Heleno et al. 2009 , 2013 , Gagic et al. 2011 . However, because no single gall was detected on any alien plant (most of them invasive species), and the plant species sustaining high levels of gallers (Quercus spp.) were almost absent in highly invaded sites, the opposite pattern was detected. This implies that with the advance of the invasion, all interactions between plants and gallers became evenly rare (Fig. 4) .
Prospects for biocontrol planning
The level of detail of the interactions represented in Fig. 1 offers an unparalleled reference scenario of the gall communities in Portugal before the release of the biocontrol agent targeting A. longifolia. This data set suggests Note: The column "Code" refers to the numbers in Fig. 5 .
that several native gallers may indirectly interact with each other via shared parasitoids (Fig. 5, left panel) . At the same time, this network makes a valuable contribution by enabling us to predict potential non-target effects of the biocontrol agent based on the identification of species known to interact with the galls formed by this biocontrol agent elsewhere (as represented in Fig. 5 ). As could be expected, none of the parasitoid species listed from Australia and South Africa are present in our network, and therefore there is no direct evidence of potential nontarget interactions between local parasitoids and the galls that will be formed by the biocontrol agent once it establishes in Portugal. Nevertheless, two genera of parasitoids in our network (Torymus and Eupelmus) have been previously recorded to interact with the biocontrol agent, with 58.1% and 22.6% of our galler species having parasitoids of these genera, respectively. Moreover, our network contains parasitoids from four families that include known parasitoids of Trichilogaster acaciaelongifoliae in Australia and South Africa (Encyrtidae, Eupelmidae, Eurytomidae and Torymidae, with 77.4% of galler species having parasitoids of these families). Parasitoids from these families are most frequently observed in galls formed in the native plants Artemisia campestris, Cytisus striatus, Stauracanthus spp., Erica cinerea and Quercus coccifera. Although parasitoids tend to be highly specialized (Shorthouse et al. 2005 , Noyes 2016 ), this might not always be the case (Morris et al. 2004 , Carvalheiro et al. 2008 , 2010 , and it is possible that parasitoids in these families can exploit the biocontrol agent. While this could hinder the establishment of T. acaciaelongifoliae, such is unlikely, as the biocontrol agent successfully established in South Africa despite being exploited by several parasitoid species (Hill and Hulley 1995 , Manongi and Hoffmann 1995 , Veldtman et al. 2011 ). On the other hand, if the biocontrol agent becomes established and abundant, some of these parasitoids may increase in abundance, which in turn could spillback (sensu Kelly et al. 2009 ), by increasing the parasitism rate of native gallers and in the extreme, potentially lead to local extinction of native gallers (Carvalheiro et al. 2008) . In all these scenarios, it is critical to carefully weigh the risk of such non-target effects with the risk of doing nothing (Downey and Paterson 2016) , that already lead to the local extinction of approximately 30% of the galler species in highly invaded sites (Fig. 4) . All these scenarios are incredibly hard to predict, largely due to the inexistence of detailed community-level information along all steps of a biocontrol program (Roy and Handley 2012) . In this respect, the present work creates a unique opportunity to monitor the outcome of a biocontrol program, laying the bricks for a deeper understanding of community adjustments and towards a more predictable framework for biocontrol worldwide. The evaluation of non-target indirect effects (via apparent competition or multilevel trophic cascades) may make these frameworks more robust and confident.
concLuding reMarks
This study reveals for the first time that the impacts of Acacia longifolia invasion on native vegetation can cascade through multiple trophic levels along species interaction (1) a conservative scenario considering that T. acaciaelongifoliae will only interact with parasitoids species currently known to affect it in Australia and South Africa (left) and (2) a liberal scenario considering that Trichilogaster acaciaelongifoliae will interact with all parasitoids from the four families that include their currently known parasitoids (right). The size of each node is proportional to the abundance of the galler species, the filled area of each node represents the potential for auto-infection by parasitoids, the PAC is proportional to the width of each link (triangles). For names of species (numbers), please check Table 2 . [Color figure can be viewed at wileyonlinelibrary.com] networks, negatively affecting the richness, abundance and biomass of gallers, their parasitoids and inquilines.
The advance of the invasion by A. longifolia was shown to change the community structure by increasing interaction evenness as the most important plants for gallers become excluded during the invasion. Nevertheless, despite the severe impacts on all levels of biodiversity, our ambitious experimental design, based on 12 replicated interaction networks, was still insufficient to detect further consistent changes in network topology. These results highlight the uniqueness of ecological communities and the limitations of implementing classic experimental designs (i.e., based on controls, treatments, and replicates) to explore community-level patterns of empirical communities.
The present work provides unparalleled pre-release information against which the success of the biocontrol program can be accurately evaluated in the future. Importantly, our results reveal an alarming simplification of plant and insect communities cascading up four trophic levels following A. longifolia invasion and highlight the need to measure potential non-target indirect effects of apparent competition via shared parasitoids with the biocontrol agent.
